A lthough obesity is a health hazard, not every obese person has the expected metabolic abnormalities associated with excess body fat.
A lthough obesity is a health hazard, not every obese person has the expected metabolic abnormalities associated with excess body fat. 1, 2 Epidemiologic and metabolic studies have shown that the metabolic complications of overweight and obesity are more related to the localization rather than to the amount of total body fat. 3, 4 Imaging studies using techniques such as computed tomography or magnetic resonance imaging have shown that, among equally obese individuals, those with an excess of intra-abdominal or visceral adipose tissue have metabolic abnormalities and are at in creased risk of coronary artery disease and type 2 diabetes. [5] [6] [7] The systematic measurement of waist circumference has been proposed as a crude anthropometric correlate of intraabdominal adiposity. 8 However, because waist circumference cannot fully discriminate intra-abdominal from subcutaneous abdominal adiposity, we previously suggested that the presence of elevated triglyceride levels could be used as a marker of "dysfunctional" adipose tissue, intra-abdominal obesity and associated metabolic abnormalities in people with an increased waistline.
9-11 What we had initially described as the hypertriglyceridemic-waist phenotype -the combination of an increased waist circumference and hypertriglyceri demiacould be a useful and inexpensive screening tool to identify people at increased risk of coronary artery disease and type 2 diabetes. [12] [13] [14] In this article, we report on the performance of the hypertriglyceridemic-waist phenotype as a screening tool among participants enrolled in the European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk study.
age-sex registers of general practices in Norfolk as part of the 10-country collaborative EPIC study designed to investigate diet and other determinants of cancer. Additional data were obtained in the EPIC-Norfolk study to enable the assessment of determinants of other diseases. The study cohort was similar to samples of the UK population in many characteristics, including anthropometry, blood pressure and lipid levels, but it had a lower proportion of smokers.
The design and methods of the study have been described in detail previously. 15 In brief, eligible participants were recruited by mail. At the baseline survey, conducted between 1993 and 1997, participants completed a detailed health and lifestyle questionnaire. We measured their waist circumference (at the smallest circumference between the ribs and iliac crest). Blood samples were analyzed for various markers (for methods of the blood analyses, see Appendix 1, available at www .cmaj .ca /cgi /content /full /cmaj .091276/DC1).
Mortality data were obtained from the UK Office of National Statistics. Death was considered to be due to coronary artery disease if the underlying cause was assigned International Classification of Diseases 9th revision (ICD-9) codes 410 to 414 (unstable angina, stable angina or myocardial infarction). Previous validation studies involving our cohort indicated high specificity for such case ascertainment. 16 In addition, we reviewed data on hospital admissions by linking participants' unique National Health Service numbers with data from ENCORE (the East Norfolk Health Authority database), which identifies all hospital contacts throughout England and Wales for Norfolk residents. Participants were identified as having coronary artery disease if they were admitted to hospital because of coronary artery disease.
We considered a participant to have diabetes mellitus at baseline if he or she reported using diabetes medication, brought diabetes medication to the baseline health check, indicated modifying his or her diet in the past year because of diabetes or reported adhering to a diabetic diet.
The Ethics Committee of the Norwich District Health Authority approved the study design. All of the participants gave signed informed consent.
Study participants
We examined the association between the hypertriglyceridemic-waist phenotype and risk of coronary artery disease in the entire cohort (n = 21 758). The extended set of risk markers that was used to analyze the relationship between the phenotype and characteristics of the metabolic syndrome was available only in a nested case-control sample within the cohort (n = 2840). This sample has been previously described. 17, 18 We performed survival analyses in the entire cohort. We report results for participants who did not have coronary artery disease at baseline and were followed up to March 2007.
Hypertriglyceridemic-waist phenotype
For men, the phenotype was defined as a waist circumference of 90 cm or more and a triglyceride level of 2.0 mmol/L or more. 10, 19 For women, the cut-off values for the phenotype were 85 cm for waist circumference and 1.5 mmol/L for triglyceride levels. 20 In both men and women, these cut-off values correspond to the value with the highest sum of sensitivity and (1-specificity) rounded up to the closest centimetre and to the highest decimal.
Statistical analysis
We used Cox regression analysis to calculate hazard ratios and corresponding 95% confidence intervals for the risk of coronary artery disease. The interaction term between waist circumference and triglyceride levels in predicting the risk of coronary artery disease was also tested. We calculated hazard ratios for coronary artery disease in each category before and after adjusting for the individual risk factors used in the Framingham risk score. Kaplan-Meier survival curves were computed separately for men and women, who were classified into four groups according to waist circumference and triglyceride levels. We assessed differences between curves using the log-rank test. A p value of less than 0.05 was considered to be statistically significant.
Results
Complete data on traditional cardiovascular risk factors were available for 21 787 participants (9506 men and 12 281 women) who did not have coronary artery disease at baseline. The mean follow-up period was 9.8 (standard deviation 1.7) years. Coronary artery disease developed during the followup period in 2109 participants (1295 men and 814 women). Baseline characteristics of the entire study cohort are presented in Table 1 .
Baseline anthropometric and metabolic variables measured in the nested case-control sample of 2840 participants classi- 84 (11) 80 (11) Total cholesterol, mmol/L, mean (SD)
Triglycerides, mmol/L, median (IQR) 1.7 (1.2-2.4) 1.4 (1.0-1.9)
Note: HDL = high-density lipoprotein, IQR = interquartile range, LDL = lowdensity lipoprotein, SD = standard deviation.
fied on the basis of their waist circumference and triglyceride levels are shown in Table 2 . Among both men and women, participants with an increased waist circumference and elevated triglyceride levels were older, had a higher mean body mass index and higher mean systolic and diastolic blood pressures than participants with lower waist circumference and triglyceride levels. They also had the most atherogenic metabolic risk profile, with the highest concentrations of total cholesterol, low-density lipoprotein cholesterol, C-reactive protein and apolipoprotein B. Participants with the hypertriglyceridemic-waist phenotype also had lower high-density lipoprotein cholesterol and apolipoprotein A-I levels, and smaller low-density lipoprotein particles. Table 3 displays hazard ratios for the risk of coronary artery disease before and after adjustment for traditional risk factors, including age, total cholesterol level, high-density lipoprotein cholesterol level, systolic blood pressure, smoking and presence of diabetes. Among both men and women, an increase in waist circumference (even without elevated triglyceride levels) and elevated triglyceride levels (even Note: HbA 1c = glycated hemoglobin A 1c , HDL = high-density lipoprotein, LDL = low-density lipoprotein, SD = standard deviation. *A normal waist circumference was less than 90 cm for men and less than 85 cm for women. Normal triglyceride levels were less than 2.0 mmol/L for men and less than 1.5 mmol/L for women. †Values are given as means and standard deviations.
without an increase in waist circumference) increased the risk of coronary artery disease. However, the combination of increased waist circumference and elevated triglyceride levels (the hypertriglyceridemic-waist phenotype) was associated with the highest risk among both men and women. This relationship remained significant after adjustment for traditional risk factors for coronary artery disease. The Kaplan-Meier survival curves for participants stratified into four groups on the basis of waist circumference and triglyceride levels are shown in Figure 1 . Among both men and women, the probability of survival without coronary artery disease was lower among participants with either an elevated triglyceride level or an increased waist circumference than among those with both normal waist circumference and triglyceride levels. However, men and women who had both an increased waist circumference and hypertriglyceridemia had the worst disease-free survival curves (p < 0.001 for both sexes). Figure 2 shows the risk of coronary artery disease according to Framingham risk scores and the hypertriglyceridemic-waist phenotype. Among men and women with the lowest Framingham risk score, those with the phenotype were at greater risk of coronary artery disease than those without the phenotype.
Interpretation
Our study provides evidence from a large European cohort that the hypertriglyceridemic-waist phenotype is a simple and inexpensive marker to help identify patients with intraabdominal obesity who have a deteriorated cardiometabolic risk profile and are thus at increased risk of coronary artery disease. An additional advantage is that the phenotype can be determined easily, without additional and expensive testing. Plasma triglyceride levels are available from any standard lipid profile obtained in clinical practice, and waist circumference can be measured at no cost.
Few prospective studies have evaluated the association between the hypertriglyceridemic-waist phenotype and risk of coronary artery disease in large cohorts. Czernichow and colleagues reported that the presence of the phenotype predicted the incidence of cardiovascular events in a French cohort of 3430 men. 21 Tanko and colleagues reported evidence that the combination of increased waist circumference and elevated triglyceride levels was associated with aortic calcification among postmenopausal women. 22 They also reported that, among participants with and without the metabolic syndrome, a further stratification on the basis of waist circumference and triglyceride levels significantly increased the risk of aortic calcification.
The concept of the hypertriglyceridemic-waist phenotype was introduced by Lemieux and colleagues. 10 They suggested that this simple phenotype could be a useful marker of a triad of metabolic abnormalities (hyperinsulinemia, hyperapolipoprotein B and small, dense low-density lipoprotein particles), whose presence is a strong risk factor for coronary artery disease. 10, 23 The metabolic risk profile of the subsample in our study (Table 2) shows that the presence of the hypertriglyceridemic-waist phenotype was predictive of a deteriorated cardiometabolic risk profile predictive of an increased risk for type 2 diabetes and coronary artery disease.
Waist circumference is a simple and inexpensive marker of abdominal adiposity, but not all people with an increased waistline are viscerally obese and at increased risk of coronary artery disease. Therefore, elevated plasma triglyceride levels have been proposed as a marker of the metabolic alterations associated with excess intra-abdominal adiposity, such as ectopic fat deposition (liver, skeletal and epicardial fat) and insulin resistance. Hypertriglyceridemia combined with an increased waistline could be a marker of lipid overflow resulting from a relative defect of adipose tissue to clear and store the excess triglycerides from overnutrition and lack of physical activity. 1 We believe that the hypertriglyceridemic-waist phenotype should not replace the clinical criteria of the Na tional Cholesterol Education Program for the clinical diagnosis of the metabolic syndrome. 24 However, because high-density lipoprotein cholesterol and systolic blood pressure are already included in the Framingham risk score, the addition of the hypertriglyceridemic-waist phenotype to the Framingham risk score would take into consideration traditional risk factors for coronary artery disease while providing additional information regarding the presence of excess intra-abdominal adiposity and associated metabolic abnormalities.
Limitations
Some aspects of our study merit further consideration. First, plasma triglyceride levels were determined in nonfasting sam- Event-free survival ples. This may have resulted in random misclassification of participants and reduced our ability to detect associations between the hypertriglyceridemic-waist phenotype and risk of coronary artery disease. However, recent studies have highlighted the usefulness of nonfasting triglyceride levels in the prediction of risk, possibly because metabolic abnormalities may be most pronounced in the postprandial state. 25, 26 Furthermore, in daily life, people are in the postprandial state for a good part of the day. Second, the presence of diabetes was self-reported, which might have led to an underestimation of any relationship. We believe that our large study sample may have attenuated the effect of these limitations. Third, our study sample comprised mainly white people, and therefore the results may not be translated to other populations. Additional studies from other populations and ethnic backgrounds are needed to better establish the role of the hypertriglyceridemic-waist phenotype as useful clinical screening tool in preventive cardiology. However, the INTERHEART study has shown that the health risks associated with obesity and body fat distribution are constant across various regions of the world in various ethnic groups.
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Conclusion
Our results show that the hypertriglyceridemic-waist phenotype was associated with an increased risk of coronary artery disease among men and women. This was the case even among participants without traditional risk factors for coronary artery disease. However, even though the phenotype is a marker of excess intra-abdominal adiposity, it cannot be used on its own to properly assess a patient's risk of coronary artery disease.
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